A total of 204 chronic middle ear effusions from 122 children have been studied. Bacteria were isolated from 30 effusions. The commonest species found were Strep. pneumoniae and H. influenzae. These are also the commonest organisms causing acute otitis media (AOM). A similar pattern of serotypes was also demonstrated. In vitro sensitivity testing showed that most of the organisms isolated were sensitive to most commonly-used antibiotics. The main exception was resistance to penicillin amongst strains of H. influenzae and Staph. aureus. It is suggested that some cases of chronic secretory otitis media (SOM) may arise as a result of incomplete resolution of AOM and that the use of penicillin to treat AOM may be one factor in this process.
Introduction
Children with chronic secretory otitis media (SOM) have more episodes of acute suppurative otitis media (AOM) than age-matched controls (Schutte et al. 1981) . It is not, however, clear whether incomplete resolution of AOM leads to SOM, or whether the presence of a middle ear effusion predisposes to bouts of acute infection.
Bacteria have been recovered from the middle ear in 18-77% of children with SOM (Sundberg et al. 1981 , Silverstein et al. 1966 . The commonest organisms isolated are Strep. pneumoniae (the pneumococcus) and H. influenzae. These are also the species most frequently isolated from cases of AOM (Klein 1980) . Children with AOM frequently have the same organism in the middle ear and nasopharynx (McNeil 1962 , Howie & Ploussard 1971 . This is also true of patients with SOM (Healey & Teele 1977 , Sundberg et al. 1981 .
In the studies of Kamme et al. (1970) and Howie et al. (1976) , the commonest capsular serotypes of pneumococci isolated in AOM were types 3, 6, 14, 18, 19 and 23. Kamme and his co-workers (1970) reported that the highest relapse rates occurred following infections due to types 14 and 19 and that these two types were never found in persistent middle ear effusions.
Capsulated strains of H. influenzae were responsible for 15% of cases due to this organism . These workers isolated serotypes b, e and f, but not a, c or d. Therapeutic failure with penicillin occurred three times as often in infections due to capsulated strains as in those due to non-typable strains. It is generally considered that capsulated strains are more virulent.
A number of authors have suggested that the use of antibiotics to treat AOM has been responsible for the apparent increase in the incidence of SOM. Hoople (1950) estimated that there had been a 20% increase in the number of cases since the introduction of this form of treatment.
The purpose of the present study was to investigate further the relationship between AOM and SOM, and the role of antibiotic therapy in AOM in the pathogenesis of SOM. Figure 2 . Glass slide coated with agarose in situ in tank ready for countercurrent immunoelectrophoresis. Note the wells which have been cut in its surface
Methods
All children entered in the study were undergoing routine surgery for chronic secretory otitis media. A history of previous antibiotic therapy was obtained from the parents.
Middle ear effusions were collected in a specially devised trap and transferred to the Public Health Laboratory at Dulwich Hospital with the minimum of delay. The following techniques were used to isolate bacteria from the effusions: (1) inoculation onto chocolate agar, incubated in air with 10% carbon dioxide; (2) inoculation onto blood agar, incubated anaerobically; (3) inoculation into a diphasic Casteneda medium, incubated in air with 10% carbon dioxide.
Isolates of Strep. pneumoniae and H. influenzae were serotyped using countercurrent immunoelectrophoresis (CIE), by the method described by El Rafaie & Dulake (1975) . This technique depends on the fact that bacterial capsular polysaccharide antigens are negatively charged at the pH used and therefore migrate towards the anode during electrophoresis. Antisera migrate in the opposite direction and when a reaction occurs between antigen and antibody, a line of precipitation forms. Glass slides were coated in agarose in veronal acetate buffer (pH 8.6) to a thickness of one millimetre. Parallel rows of wells were cut in the surface of the agarose. On the cathodic side these were filled with suspensions of the organism to be serotyped and on the other with rabbit anticapsular antisera. The slides were placed in a tank containing buffer solution (Figures 1 and 2) and electrophoresis was carried out using a Shandon-Vokam power pack producing a constant current of 30 milliamps per slide (2.6 volts/cm). The minimum amount of capsular antigen detectable in this system is 50 ng.
In vitro sensitivities to commonly-used antibiotics were determined by the method of Stokes & Ridgeway (1980) .
Results
A total of 204 effusions from 122 children with chronic SOM were studied; 49 were girls and 73 boys. Ages ranged from one to 12 years (mean 4.6 years). Thirty effusions from 24 children yielded positive cultures (12 boys, 12 girls; ages 1-1 1 years, mean 4.6 years). Table 1 lists the species of bacteria isolated. In most cases a pure growth was obtained, but in 2 patients two organisms were isolated from the same ear and in one case three were isolated. Table 3 .
Discussion
In the present study of SOM, the most frequently isolated bacteria were Strep. pneumoniae and H. influenzae. We have had to compare the results of our study with those of Swedish and American studies of AOM because myringotomy is no longer practised routinely for AOM in the UK. There are, none the less, striking similarities between the findings in SOM and AOM.
The results of detection of a capsule in these isolates by serotyping were less consistent with other data. The detection of a capsule depends on the sensitivity of the technique used. CIE in our hands detects the presence of 50 ng of polysaccharide capsular substance of Strep. pneumoniae and H. influenzae. The methods used by Kamme et al. (1970) to type Strep. pneumoniae and by to type H. influenzae are relatively insensitive compared to CIE. In our study we were able to serotype 80% of our isolates. The pneumococcal types 19 and 23 predominated in our cases, in contrast to the findings of Kamme et al. (1970) who failed to isolate either of these types from persistent effusions following AOM. were able to type only 15% of their isolates of H. influenzae from cases of AOM. This may also reflect decreased virulence in the bulk of their isolates. Variations of this type may also reflect differences in the range of serotypes circulating in different populations at different times.
The antibiotics tested were penicillin, amoxycillin, trimethoprim and cefuroxime. Some of the organisms isolated were resistant to one or more antibiotics, but most strains were fully sensitive. This is in contrast to the findings of Lim et al. (1980) who studied cases of SOM in the USA. They found that 43% of the H. influenzae from their patients were resistant to ampicillin. In a survey of local general practitioners, which was carried out to discover which antibiotics were favoured for the treatment of AOM in children, the most popular first choice drug was amoxycillin (44%), but 28% preferred phenoxymethyl penicillin (Mills 1984) . The latter drug seems to be an inappropriate choice for this condition. It has reduced activity against H. influenzae and ,B lactamase-producing strains of Staph. aureus, is poorly absorbed from the stomach, and its middle ear penetration falls dramatically during the first 48 hours of treatment (Ingvarsson et al. 1980) . Trimethoprim is seldom used on its own by doctors in our area, but it is commonly used in the form of co-trimoxazole. The sulphonamide in this combination may potentiate the effect of trimethoprim (Darrell et al. 1968 ).
Other factors must play a part in preventing the resolution of AOM, if this mechanism is to be advanced as a major cause of chronic middle ear effusions. Persistent eustachian tube dysfunction and induced histological changes in the middle ear may perpetuate the process once begun. In addition, the reservoir of pathogens in the nasopharynx may initiate inflammation. Resolution of SOM occurs spontaneously in the majority of cases as the child grows older. This may be explained by maturation of the eustachian tube and local defence mechanisms (Lim 1979) , together with changes in the flora of the upper respiratory tract. While many cases of SOM fit the model outlined above, others do not. For example, some children with SOM have no past history of AOM. There is no reason why similar effusions should not result from different pathological processes, the final common pathway being inflammation with metaplasia of the middle ear mucosa.
